We obtained complete R and I light curves of GSC 02393 00680 in 2008 and analyzed them with the 2003 version of the W-D code. It has been shown that GSC 02393 00680 is a W-type shallow contact binary system with a high mass ratio, q = 1.600, and a degree of contact factor, f = 5.0% (˙1.3%). It will be a good example to check up on the TRO theory. A period investigation based on all available data suggests that the system has a small-amplitude period oscillation (A 3 = 0: d 0030; T 3 = 1.92 years). This may indicate that it has a moderate-mass close third body, which is similar to XY Leo.
Introduction
GSC 02393 00680 is a newly discovered EW-type binary in recent years. Its times of minima were reported by Martignoni (2006) and Blättler and Diethelm (2006) . Martignoni (2006) obtained 10-times the minima and a linear epoch of 2453354.396 + 0.31657 E. Meanwhile, having used their 15 cm Starfire refractor without a filter to observe this object on 7 nights, Blättler and Diethelm (2006) obtained 15-times the minima, and yielded a linear epoch of 2453686.4414 + 0.316535 E. They also published light curves of the binary, in which we can obtain some information, such as the magnitude amplitude (about 0.3 mag) and the difference in the depths of the two eclipses. However, the data in their light curves are scattered to some extent, and it is not clear that the light curves show the O'Connell effect (O'Connell 1951) . We found the effect in our observed light curves, and adopted a dark spot model to interpret it. The aim of the present study is to analyse our R and I light curves to obtain much information about this new eclipsing binary.
Observations in R and I Bands
GSC 02393 00680 was firstly observed in 2007 December 27 with the PI512 TKB CCD photometric system attached to the 60 cm reflecting telescope at Yunnan Observatory in China. However, the quality of the data was not good, so we observed it again in 2008 January 6 with the PI1024 TKB CCD photometric system attached to the 1 m reflecting telescope at Yunnan Observatory in China. The R and I color systems used in the latter instrument were close to the standard UBVRI system. The effective field of view of the photometric system was 6: 0 5 6: 0 5 at the Cassegrain focus. The integration time for each image was 20 s. A comparison star chosen was 2MASS 05085699+3204216 and a check star was 2MASS 05083765+3205108. These stars are as bright as the target, and close to the target (less than 4 0 ), so that their extinction conditions were the same. PHOT (measured magnitudes for a list of stars) of the aperture photometry package of IRAF was used to reduce the observed images. Through observations we obtained complete R and I light. By calculating the phase of the observations with the form 2454472.0846 + 0.316535 E, the light curves were plotted (figure 1). The original data in the R and I bands are listed in tables 1 and 2. It has been shown that the data are of high quality and the light variation is typical of EW. The differences of lights between the comparison and the check stars are straight lines, which strongly proved that the chosen comparison star was a light constant one and the light changes truly came from the target. Therefore, an extinction correction was not made. A parabolic fitting was used to determine the times of light minimum with the least-squares method, since the light minimum is symmetric. In all, four new epochs of light minima were obtained in our observations. They are listed in the last part of table 3.
Orbital Period Variations
Though the time span of the investigation of this binary is not long, the obtained data have already reflected some rules of its period variations. Having collected all useful times of minima, we corrected the linear ephemeris as:
The (O C ) 1 values with respect to the linear ephemeris are listed in the sixth column of table 3. The corresponding (O C ) 1 diagram is displayed in figure 2. It is no doubt that the general trend of GSC 02393 00680, shown in figure 3, is a cyclic variation.
The general (O C ) 1 trend of GSC 02393 00680, shown in figure 2, indicates the cyclic period changes. Beside this, there is possibly very clear evidence that it has a smallamplitude period oscillation. Assuming that the period oscillation is cyclic, then, based on the least-squares method, a sinusoidal term was added to a linear ephemeris to give a better fit to the (O C ) 1 curve (solid line in figure 2). After having adjusted the period of the cyclic change several times, we found the best value to be ! = 0: ı 1625. We fixed this value and simulated the rest coefficients. 
The (O C ) 2 values with respect to the cyclic ephemeris in equation (2) are shown in figure 3, and the corresponding residuals are plotted in the lower panel of figure 2. From this we can see that the residuals are in a horizontal line on average, except for some scatters. By using this relation,
No. 1] GSC 02393 00680 85 the period of the orbital period oscillation is determined to be T = 1.92 years. This may suggest that there exists a smallamplitude oscillation (A 3 = 0: d 0030) in the period changes, which can be explained by the presence of an third body in the system.
Photometric Solutions
We first give the photometric parameters of GSC 02393 00680. To obtain an initial value of the mass ratio, q, a q-search method with the 2003 version of the W-D program (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 Wilson & Van Hamme 2003) was used (figure 4). We fixed q to 0.3, 0.4, 0.5, and so on, as figure 4 shows. It can be seen that the best value is around q = 1.61.
While obtaining the solution, the temperature of star 1 (star Fig. 4 . The relation between q and Σ for GSC 02393 00680. . The bolometric albedo, A 1 = A 2 = 0.5 (Ruciński 1969) , and the values of the gravitydarkening coefficient, g 1 = g 2 = 0.32 (Lucy 1976 ), were used, which correspond to the common convective envelope of both components. According to Claret and Giménez (1990) , the root limb-darkening coefficients were used (table 4) . We adjusted the orbital inclination, i ; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1, L 1R ; and the dimensionless potential of star 1 (Ω 1 = Ω 2 , mode 3 for contact configuration). A small O'Connell effect of the system could not be ignored. GSC 02393 00680 might be a Sun-like star. It there seems probable that starspots appeared on the surface of the star. In fact, as many researchers had done before (e.g., Binnendijk 1960; Mullan 1975; Bell et al. 1990; Linnell & Olson 1989) , we added a spot on star 2, which proved in the following to be the cooler more massive primary component. The photometric solutions are listed in table 4, and the figure 5 . In table 4, Â is the latitude of the star spot center, measured like our Earth from +90 ı at the north pole to 90 ı at the south pole. is the longitude of a star spot center, measured counter-clockwise (as viewed from above the +z axis) from the line of the star centers from 0 ı to 360 ı . Ω is the angular radius of a star spot, in degrees. T s =T is the temperature factor of a spot, which specifies the ratio of the local spot temperature to the local temperature which would be obtained without the spot. In order to obtain an image of the binary and the spot on it in our mind, the geometrical structure of GSC 02393 00680 is displayed in figure 6 . The difference of temperatures between the two components according to our solution is 500 K. This may indicate that the system did not reach thermal contact (Lucy & Wilson 1979; Ruciński & Duerbeck 1997) . In that case, the O'Connell effect could be caused by a hot spot due to a mass transfer from the less-massive component to the more one. However, the outcome is that the simulated hot spot is present at a fallacious position, which is inadequate for physical laws. If it be forced to be a hot spot, it can only be present on the small component. This is quite improbable. We therefore only give the cool-spot solution. The suspected third light, which was able to affect the whole light curves, was also considered in our simulations. We adjusted the parameter l 3 in the W-D code, but found that the numerical third light calculated by the program is negative. That tells us that the luminosity contribution of third light is not obvious in the system. Hence, the final results did not include the third light.
Discussions and conclusions
The orbital period was revised to be 0.31653619 days by using the 31 CCD timings of GSC 02393 00680 listed in table 3. The system is a high-mass ratio shallow contact W-type binary with q = 1.600, f = 5.0%. These results suggest that the system may be a marginal contact binary. Marginal contact binaries, whose filling factors are very small (f 6 10%), are indicators of the evolution time scale into the contact stage. So far there are several examples of discovered marginal contacts, such as II CMa (Liu et al. 2008) , V803 Aql (Samec et al. 1993) , FG Sct (Bradstreet 1985) , RW PsA (Lucy & Wilson 1979) , XZ Leo (Niarchos et al. 1994) , S Ant (Russo et al. 1982) , TW Cet (Russo et al. 1982) , AB And, GZ And ( Baran et al. 2004) , HT Vir (Zola et al. 2005) , XY Leo (Djurašević et al. 2006; Ruciński et al. 2007 ), V508 Oph (Lapasset & Gomez 1990 ). All of these binaries, at least, have a common nature; namely, their contact degrees are less than 10%. Markedly, this system is quite similar to the well-studied system XY Leo. We will discuss them below.
High-mass ratio, low-contact factor contact systems are the key to understanding the evolution status of a close binary from the near contact phase to the contact phase. Almost all of the acceptable models of contact binary predict that as the age in the contact phase is increasing, the mass ratio, q, is decreasing. This is due to inevitable mass transfer from the less massive component to the more massive one when the system came into the contact stage. The reasons are that the system is a W-type system; the present less-massive component evolved faster than the present more massive one; the mass transfer began from the less-massive component. The mass ratio and the low contact factor suggest that GSC 02393 00680 has just come into contact, and that it is young as a contact system. On the other hand, it might also be near to the broken-contact phase. This depends on the direction of the period change, i.e., increase or decrease. If the period increases, the system is going to the broken-contact phase; if the period decreases, it has just come into the contact configuration. Which one is the truth? Both cases may be possible. A further study is needed to answer this question.
Several authors (e.g., Lucy 1976; Flannery 1976; Robertson & Eggleton 1977) have proposed thermal non-equilibrium models that assumed that the components of a contact binary are not in thermal equilibrium, and can exchange matter freely between them (the thermal relaxation oscillation model: TRO model). They predicted that the systems must undergo cycles around the state of marginal contact if the total mass and angular momentum are conserved. TRO model can explain the shallow contact feature observed for many W UMa-type stars and predict that many parameters, such as the separation, the mass ratio, and the orbital period, should vary on thermal timescales and, indeed, secular period changes (both increasing and decreasing) having time-scales of the right order of magnitude are observed. But there are still some difficulties concerning the TRO model. To avoid them, Rahunen (1981) dropped the usual assumption of conservation of angular momentum. He treated the orbital angular momentum as a free parameter, while keeping the system in marginal contact at each timestep. He concluded that when the angular momentum loss (AML) rate is d lnj=dt 2 10 9 yr 1 , contact binaries can remain in a shallow contact phase. A large AML rate can cause the system to quickly reach the L2-surface, and it may finally coalesce into a single star. On the contrary, a smaller AML rate than the critical rate cannot maintain a system in contact and the system oscillates again. But this model leaves two questions unsolved, as pointed by Rahunen (1981) and by Smith (1984) : what is the mechanism of AML and what mechanism keeps the system permanently in shallow contact? Qian (2001a Qian ( , 2001b Qian ( , 2003a have shown an evolutionary scenario of contact binary stars. According to this scenario, the evolution of a contact binary may be a combination of the thermal relaxation oscillation (TRO) and the variable angular momentum loss (AML) via a change in the depth of contact. Systems (e.g., V417 Aql: see Qian 2003b) with a secular decreasing period are on the AML-controlled stage, while those (e.g., CE Leo: see Qian 2002) showing an increasing period are on the TROcontrolled stage. GSC 02393 00680 will to be a good target to check up on the TRO theory.
The alternate period change of a close binary containing at least one solar-type component can be interpreted by the mechanism of magnetic activity (e.g., Applegate 1992; Lanza et al. 1998 ). However, for contact binary stars, we are not sure whether this mechanism will work. Moreover, we do not know how it might work. We think the period oscillation may be caused by a light-time effect of a tertiary component. As we can see from figures 2 and 3, the trend of the O C variation is clear. In section 3, a theoretical solution of the orbit for the assumed tertiary star was calculated. By using
where a 0 12 sin i 0 = A 3 c (where c is the speed of light), the mass function from the tertiary component is computed. We then use f .m/ = .M 3 sin i 0 / 3 .M 1 + M 2 + M 3 / 2 :
For an estimation, taking the assumed physical parameters, M 1 = 0.6 Mˇ, M 2 = 1.0 Mˇ(a typical sun-like star), the mass and the orbital radius of the third companion were computed. The values of the masses and the orbital radii of the third component stars for several different orbital inclinations (i 0 ) Based on all available eclipse times, the period changes of the contact binary star were discussed in the previous section. Because the period of the investigation of this binary is not long, the long-term period changes that are expected to be revealed by a general O C trend are not clear. It needs further observations. Meanwhile, a small-amplitude period oscillation (A 3 = 0: d 0030) was suggested concerning the period changes. This cyclic variation is due to either the light-time effect via the presence of an assumed third body or a variation of the gravitational quadruple momentum via magnetic activity cycle of the cool component. Whatever the explanation is, the system is very interesting because of The values of q ph , T h , T c , i, f are given by Djurašević et al. (2006) ; the T 3 , m 3 , a 3 are given by Ruciński et al. (2007) .
possible small-amplitude and fast (P 3 = 1.92 yr) period oscillations. The system is very similar to XY Leo, see table 6. In the case of XY Leo, the third body in this system is assured. It confirm that a short-period moderate mass third body indeed exists. It is possible to be a cool star which does not contribute luminosity to the system, otherwise we can get some information about the third light from the W-D code. Of course we expect a spectral analysis. In every point it is worth to investigate the system further.
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